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MALARIA PEPTIPgS • ;| ■ 

mTRODUCTIOir' ll 

The identification of peptide epitopes for 

HliA class I molecules is of importance for^jpeveral. 

areas of biomedical science. Firstly, sucK^* epitopes 
^ are the central components of vaccines des^ned to 
Q provide immiinity mediated by cytotoxic T Ijfephocytes 
21 (CTL) to infectious microorganisms. This is a 
n s consecpience of the method whereby cytotoxic; T 

1=1 :■ ■'■.0' 

^ lymphocytes function: they recognise a peptide epitope 
of 8-11 amino acids in length presented by «an HLA class. 

y I molecule. Secondly, there is increasingfinterest in 

14. the possibility that neoplastic tumours miight be 

^ ameliorated or cured by inducing, either ii^vivo or in 

pj vitro, CTL that can recognize tumour- specif ic peptides 

20 on HLA class I molecules. Thirdly, the identification 
of such epitopes recognised in autoimmxine disorders 
would provide insights into pathogenesis and suggest 
new specific methods of treating these disorders. 

This invention deals firstly with|the 

25 identification of peptides from the malarial parasite 

Plasmoditaa falciparum which we identify asi;.epitopes or 
potential epitopes for particular HLA class^I 

y molecules. A variety of evidence (cited ir^' references 
1 and IG) suggests that CTL play a role infimmunity to 

30 this parasitic infection and disease by acting against 
the liver- stage of infection. Thus these ejpitopes will 
be of value for inclusion in vaccines designed to provide 
immunity to Plasmodiim falciparum. Furthermore, this 
work identifies for the first time CTL epitopes in the 

35 p. falciparum antig n, thrombospondin-relat:ed anonymous 
protein -{TRAP^^ and thus identifies TRAP, ; and / or 

li rt^ftp; (Kohs^^ ^AjAj 5 v^9.<^ S 
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peptides from TRAP, as a useful component of^ a CTL- 
inducing vaccine against P. falciparum malaria. • . . 

This invention deals secondly with a novel 
method of identifying cytotoxic T lymphocyte epitopes 
and of producing CTL lines and clones by^ifhe use of a | 
new method of inducing CTL responses in vitro. 

^THE IllVEliTZON 

In one aspect the invention provides the 8 

10 to 11-mer peptides set out in the tablie feflow, being 

either epitopes or potential epitopes forlthe stated 

p HLA class I molecules, coriservative variants thereof, 

O and longer peptides containing these sequences which ^ 

are s\ib-units of the indicated antigens, ilt is 

fy 15 envisaged that these peptides are generai'ly_8_.Efi_jjDLQ__ 

amino acid residues in length, and that the'sequence 

shown in the table is the main functionallepitope 

y present. No per se claim is made to the "antigen as a 

M= whole, nor to any fragment which constitutes the larger 

20 part of the antigen. # 

Two or more of these peptides ma:y be joined 

toge ther, in sequen ce. The peptide may have an N- or C- 

■ — ' ~ ■ 

terminus carrying a lipid tail, a modification known to 

enhance CTL induction in vivo. " ' 

25 Also included are oligonucleotides which code 

for the stated peptides. The term oligonucleotide is 

here used to encompass nucleic acid chaizi^ of about 24 

to about 300 nucleotide residues. 

Also included are vaccines comprising 

30 peptides or oligonucleotides as defined, ;%or 

immunisation against malaria. 

In another aspect the inventioi^provides a 

method of inducing primary cytotoxic T lymphocyte 

responses to a chosen antigen or microorganism, which 

35 method comprises incubating lymphocyt s x vivo with 

the chos n antigen or microorganism in the presence of 
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KLH (keyhole limpet haemocyanin) or any othet" substance 
which preferentially . stimulates a CD45RA'*^i subset of T • . .. 
lymphocyte . 

In this method the KLH or other£adjuvant is 
5 used at a concentration suitable to stimulate the 

desired CTL response, which optimum concentration may 
readily be determined by experiment. Preferably IL-7 

(interleukin-7) and/or . IL-2 (interleukin-;2) is also 

J** ■ 

present during the said incubation, ;m 

SECTION A .-I' 
Identification of P. falciparum peptides <and epitopes 
We have recently described a novel approach 



fn to identifying CTL e^jL topes 

ms ■ in p ^ / - - 

o 



Y ^This consisted/ in brief, of 
1) determining a motif for peptides boundf to a 
« particular HLA class I molecules, 2) synthesizing 

peptides from P, falciparum antigens congpcuent with 
p this motif, 3) testing whether these peptSides bind to 

So that HLA class I allele using a binding '^say known as 
fU a HLA assembly assay, and 4) testing whether 

lymphocytes from individuals exposed to malaria could 
recognise these peptides as epitopes after suitable in 
vitro restimulation and culture. In that^york we 
2^ identified peptide epitopes and potential^eptide 

epitopes f or two __ HLA class I m olecules i, HpA-B53 and 
HLA-B35. Here we extend that work to four further HLA 
class I molecules: HLA-A2, HLA-B8, HLA-B'^|and HLA-B17. 
52 peptides are identified that are shownleither to be 
30 epitopes or potential epitopes for these^HLA class I 
molecules. 
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Motifs for eluted peptides. 



The peptide binding motifs of HLA-A2, HLA-B7 
and HLA-B8 have been described. For HLA--A2 strong 

■I 
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preferences were found at positions 2 and; 9 of bound 
peptides: for leucine, isoleucine and methionine at 
position 2, and for valine^, leucine. and i-soleucine at 
position S'^f'^ltr'm:^^'^^i.e'-'^e^rrti& 
5 proline at position 2 and a hydrophobic rifsidue at 
position 9. Leucine, isoleucine, valine, l&ilanine, 
phenylalanine and tryptophan^ wer^^he hydrophobic 
residues preferred^^ f^if^EB-p^fMr^ j^^ n 
were found at positions 3, 5 and At posltidH3~3 — ' ^ < 

V and 5 lysine or arginine are preferred and* at position 
9» leucine or isoleucine or valine. Thef'S>tif for 
Q peptides bound to HLA-B17 has not been rep>rted so we 

g determined this exactly as described for fraA-B3sir (V''' fi^V ''^'^^ 

5 using instead of the cell line CIR-B35, lie cell line 

^''5 CIR-B58. Hence the peptide motif determiSd is 
% strictly for HLA-B58 which along with HLA|k57 

constitutes a subtype of HLA-B17. The primary amino 
acid sequences of HLA-B57 and HLA-B58 are vvery similar 
N» indicating that the types of peptides bound are likely 

to be very similar, at least in their keyf^anchor 
ry residues. Hence we refer to the motif det^ermined for 

CIR-B58 as a motif for HLA-B17. For HLA-Bl?, preferred 
amino acids were observed at positions 2 and 9: serine 
and threonine were preferred at position 2 amd a 
25 hydrophobic residue (defined as for B7 aboye) at 
position 9. 

Peptide Synthesis and Binding Assays ]l 

As described previously^ for^id|ntif ication of 
30 HIA-B35 and HLA-B53 epitopesjJ/T ^eptiaerwe'^e^^*^"^^ 

synthesised to correspond to these four motifs from the 
primary amino acid sequences of four P. falcipajnm pre- 
erythrocytic antigens: CSP, TRAP, LSA-1 and SHEBA. 
over one hu^dredngtide^^^ere synthesi2|| Binding 
assays i^were pefformed on selected peptides to 
determine whether they bound to HLA-A2/ 'fS?, -B8, or 
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"•0 assays using lymphocytes f rqm^ ^i naj.arg. a - ex^sed Gambians, 
M= as described previously^ ^ A mthority ^ofi peptides , 

synthesized to correspond to a peptidesfebinding motif 
^ were not tested in the relevant assemblyl assay but 

rjl tested only for CTL recognition. Cellsprom 82 adult 

Q 15 Gambians and 53 Gambian children, all ejroosed to 
'"^ malaria, were used in the course of these studies. The 

13 children and adults were HLA typed usinp cellular or ^ 

^ molecular techniques as described previofsly^ ( 'j ^'^^V 

U Peptides were incubated^ wi^h^^lls^^ith^ singly, or in 

O 20 pools as described^at coi^iHrra\i^n^^oi^lO-100/iM. 

Peptides could either be left with ^^^^i^^^^^ iH'i'*^ 

duration of restimulation (as reported]Jp or wasfieq off 

after an hour. Cells were cultured fo^|i-3 weeks ^^^^ \'^^)\A 

before a standard CTL chromium release! as sa\^/^at 

25 performed using HLA matched or autologous B cell line 
targets pre-pulsed with the peptide to,;,^ tested. 
Peptides were tested either singly or i^pools for CTL 

recognition. 10 V or greater was regard<^ as a 

t fe 

significant level of specific lysis. i# 
30 ^' 

Peptides Identified: CTL Epitopes. ||| 

The sequences of all peptidesfreferred to are 
shown in the table. 

i) HLA-A2. Two Gambian individuals showed 

35 positive CTL responses to HLA-A2 peptides. One 
individual (Z62) recognised a pool of tliree TRAP 

# ' ■' • 



-B58 using the untransf ected T2 cell line (for HLA-A2) 

■ • w 

or the T2 cell line transf ected- with KLArB7 (used to 
assess binding to HLA-B7s) , or with HLX-%8 (used to 
assess binding to HLA-B8) , or with HLA-BS8 (used to 
assess binding to HLA-B58) . 



Cytotoxic T Lyaqphocyte assays W 

Peptides shown to bind to a p»-ticular HLA 
class I allele were tested for CTL recognition in 



peptides, tr26, tr29 and tr39. Insufficient cells 

. were availaible to determine which of these three • 

peptides was the epitope. However a second adult (Z60) 

also recognised this pool of three peptides and 

5 subsequently showed significant lysis oiJtT29' but not 

tr26-, nor tr29 -pulsed target cells. Henqe tr39 is an 

HI1A-A2 -restricted epitope. Both individuals were of 

the HLA-A*0201 subtype of HLA-A2. All three of these 

peptides bound to HLA-A2 in the assembly, assay. 

^® Further studies consisting of cytotoxic 

T lymphocyte assays using lymphocytes from malaria- 

N= exposed Gambian s have confirmed that the|fpllowing 

9 peptides listed in the table are cytotoxll 

4* T lymphocyte epitopes. For individuals with HLA-A2, 

fy -e -Hm, 

fa '3 CTL from at least one individual have been: found to 

P recognise the peptides tr26, tr29, cp36,i|^37, cp38 and 

^ cp39. These epitopes for HLA-A2 are in acidition to 

O tr39 identified previously. ' ' % 

t ■ 'I 

H 20 ii) HLA-B7. CTL from one child with" HLA-B7 

^ showed significant lysis of HLA-B7 matched target cells 

pre-pulsed with the peptide pool cp6, cpi¥l and cp6.2. 

These peptides are encoded by allelic variants of the 

same region of the circumsporozoite protein gene^ ( ppatacw ^ct^ ^j l^^j 
25 identifying this sequence^ as an HLA-B7 restricted 

epitope. All three peptides bound to HI^j|B7 in the HLA - 

assembly assay. CTL from one adult (Z174) also 

recognised a pool of four peptides containing cp6, 

cp6.1, cp6.2 and cp21. 

30 : -,| 

iii) KLA-B8. CTL from one adult (Z42) showed 
significant lysis of a pool of peptides containing 
tr42, tr43, tr44 and tr45. Two of these >;f our peptides, 
tr42 and tr43 bound to HLA-B8 in the HLAjassembly 
35 assay. Subsequently th same CTL line showed specific 
lysis of tr42 only defining this as an HLA-B8- 



I molecule indicates that they are likely to be 
presented on the surface of malaria-infected 
hepatocytes in vivo. Hence, even if detectable levels 
of CTL to these peptides are not found in malaria- 
^ exposed individuals, induction of CTL to tl^se peptides 
may be a useful means of immunizing' againsS 
P. falciparum malaria. 

i) HI1A-A2. The following peptides ivere shown to 
10 bind to HLA-A2 in the HLA assembly assay a^ are 

therefore potential CTL epitopes: IslO, ls3?i, lsl9, 

l-t ;.<ii^. 

p ls23. The peptide cp36 was also capable of'; inducing a 
O primary CTL response in malaria-unexposed^alidividuals 
J (see below) . ^'^ 

ii) HLA-B7. The following peptides were found to 
^ bind to HLA-B7 in the HLA assembly assay and are 

s_ therefore potential epitopes: cp21, ls6, trfi, trl3, 
P trl5, tr21, shl, sh6. 1 
U iii) HLA-B17. The following peptides^^^were found 

go to bind to HLA-B17 in the HLA. assembly assay and are 
pj therefore potential epitopes: cp48, cp55, "cpSS, and all 
the 13 Is peptides listed above as being present in the 
pool recognised by two individuals with HlJ!-B17. 

Further evidence for the potential usefulness 
25 of the peptides tr43, cp36'and variants of tcp3 6 (cp37- 
39) in a malaria vaccine is presented below where we 
show that CTL may be generated in vitro against these 
peptides from malaria un-exposed individuals. 

This work identifies TRAP as a pf falciparum 
30 antigen which induces cytotoxic T lymphocyte responses 
in individuals exposed to endemic malariaj4 TRAP is 
expressed on sporozoiteS^/as well as blood- stage 
malaria parasite and will therefore be 'preisent in the 
infected liver cell. We show here that TRAP contains 
• 35 CTL epitopes for three very common HLA class I antigens 
{HLA-A2, -B8 and -B17) and therefore the [induction of 
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CTL to TRAP may be an important requiremSrit of an 
effective CTL- inducing vaccine against P :Mfalcipanm. ■■' 

As there is evidence that better; CTL 
responses may be induced in vivo using epitopes or 
epitopes with a limited amount of f lankiiigj^^ sequence 
than by using the whole antigen, the epitopes used here 
may be particularly valuable for the induction of CTL 
responses in vivo^'rP^ CUuAfig^ eA<J^ .y U^^i 

This specification identifies for the first 
time the existence of CTL responses to the;, antigen TRAP 
in humans exposed to P. falciparum parasites. It is 
known from studies of rodent malaria andj'jndireci 
from studies of human P. 
are likely to play a protective role but ;:tfhe target 
antigens of these CTL have been unclear. MBy 
identifying TRAP as a target of CTL responses in humans 
we identify it as a favourable antigen foS inclusion in 
a vaccine designed to induce protective CTL responses. 
Moreover, we show here that TRAP contain Jfconserved CTL 
epitopes for the very common class I antigen, HLA-A2, 
which is the most prevalent HLA-A or -B molecule in 
Caucasians, making TRAP of particular importance for 
immunization through CTL of Caucasian populations. 

There are several means by which the CTL 
epitopes identified here may be used to stimulate 

: '0' 

immune response in- vivo in humans. Either the 

':m, V 

peptides, or longer peptides containing thep»r can be 
used alone or wi th an adjuvant, such as^^fncomplete 
Freund's adjuvant*'' or QS-21-'^or ^Jk,s6*Kor AP^^^or as 
peptides with a lipid-tail addcd^^, a mearie that has 
been shown to enhance CTL induction in viyo\ 
Alternatively, the epitopes cai be delivered 
recombining nucleotides encoding them into a gen 
coding for a particle such as k recombinant Ty-vi^ 
recombinant hepatitis B virus 
Alternatively, nucleotides 



i5ce^particle^ 
antigen part^ 
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encoding these epitopes can b/'^incorporate'd into a 
reconvbinant virus such as a/vaccinia virus or an . . • 
attenuated vaccinia virus"^ . Another mearisi is to 
generate a recombinant bacterium such as aWrecombinant. 
Salmonella containing nucleotides encoding Sthese 
epitopes^. Another means is to incorporate 
nucleotide^ encoding the epitopes identif^^d into an 
expression Vector, such as a DNA vaccini 
express thesk epitopes after immunization 
ribonucleotides coding for these epitopes|can ^ 
as an RNA-base^yvac^j,Re^ to express these|spit))pes 




Vitro 



O in vivo. yKj,(cUa.^f.^lX ^±^,y ^ ^ 

m SBCTION B / — — — ^ 

W5 A Method of lnducfig'^iffiy'??L 
fU Although secondary (or recall) CTL responses 

^ to a variety of infectious micro -organisms lean now be 
1^. detected (e.g. as described for malaria abiove) , CTL 
g cannot be grown in this way f ron^ ipdjvidu|rs unexposed 

3^ to antigen or microorganism (ffef-r?~ah^ unpiiblished 
fU data) . We describe here a novel method of|^growing 

"primary" CTL i.e. from previously unprimed 
individuals. This method can be employed if or 
generating cell lines and clones which tiiaWbe useful in 
25 various ways: to identify potential epitopes amongst a 
pool of peptides which bind to an HLA clas* I molecule; 
to identify peptides presented by HLA molecules on the 
surface of a cell using a CTL assay; for 4^ vivo 
therapeutic use for the treatment of inlfel^ious or 
30 neoplastic disease. We demonstrate this method by 

describing the generation of CTL lines ,and|clones to 
two peptides from P. falciparum from the iljinphocytes of 
three individuals who have not been exposed to or 
infected by this parasite. 'I 
35 The method described here for inducing 

primary CTL responses in vitro may be particularly 
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useful in cancer immunotherapy. Studies in mice have 
demonstratedXthe potential of therapy with ex vivo. 
cultured CTL^,-and human tumor- specif ic CTL have been 
identified in the peripheral blood or tumor-" 
infiltrating lymphocytes from patients with melanoma 
and renal cell carcinoma^ ' ^ . Additionally, induction 
of CTL against viral aryn-gen epitopes in vitro may be 
useful in the therapy iof viral infections -such as 

Detailed descriptioa ^ M 



HIV-* 



p Peripheral blood mononuclear cells from 

J individuals never exposed to malaria were;|separated on 

ni Ficoll-hypaque and prepulsed for 2 hours >^th 20-100/iM 
&5 peptide. In the case of two HLA-A2 individuals the 
Rj peptide was cp36; in the case of one HLA-B8 individual 
L the peptide was tr43. The cells were thein|washed once 

and 5 million cells were incubated in a 2|iml well (in a 
^ standard humidified incubator with St COjIfin a-MEM 
q20 (minimal essential medium, GIBCO, UK) with| autologous 
heat -inactivated human serum and 2/ig per ml of keyhole 
limpet haemocyanin (KLH, Calbiochera, California, USA) , 
The addition of the latter was based on our previous 
showing that this preferentially stiraulatA the CD45RA* 
25 (naive) subset of CD4 T lymphocytes^^/ .'I This CD4 T 
/> lymphocyte subset has been shown previously to promote 



r^./,r..Hei4cD8 T cell activit>. ^( ^^^^^^ ^./Wv-^i 

"'^ A?tir72 hours interleuJcin-2 (c|tus, ^^^^'^'-^ ^^.j 

California, USA) was added at a concentration of lO ''^^'^TJ 
30 units per ml and the cells were cultured for a further 
4 days. Then 5000 of the cells were restimulated in 
ISOul of a-MEM with 10% autologous human! serum with 
100,000 irradiated autologous peripheral nblood 
lymphocytes, that had been pre -pulsed fotlone hour in 
35 20mM of the same peptide used for the first stimulation 
and then washed once. On the following day 3 units of 
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HIA-B17 
• I cp48 

cp55 

cp56 

ls36 

1S37 

ls39 
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* Peptide identified as an epitope 
cytotoxic T lymphocyte response. 
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Table: Peptides from four Plasmodium falciparum 

antigens, circumsporozoite protein (cp) , 

thrombospondin- related anonymous protein (tr) 

spirozoite hepatocyte binding antigen (sh) Jind liver- 
s- 
stage antigen- 1 (Is), that are here identified a:s CTL 

epitopes or as potential CTL epitopes for particular 

HLA class I molecules. Epitopes are shown lin bold 

type. The position of the first amino acid|of the 

peptide in the published amino acid sequence (CSP - O^r^ gj: 



g e£ .- LSA-1 - 
Note that tr57 ii 




TRAP - 
imino acids. 



r c£. - a ^ i 

in len( ith 



isg shown. 



standard one lette^ amino acid code is < ised< 



The 



